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INFLUENCE OF TROPOSPHERIC PROCESSES ON CHANGES 
I N  THE TEMPERATURE FIELD AND CIRCULATION I N  THE STRATOSPHERE 

Kh. P. Pogosyan 

ABSTRACT 

Resu l t s  of s tudy  of t h e  i n f l u e n c e  of t h e  
t roposphe r i c  p rocesses  on a i r  c i r c u l a t i o n  i n  t h e  
s t r a t o s p h e r e  are presented i n  t h i s  paper.  It i s  
shown t h a t  i n t e n s i v e l y  developing t roposphe r i c  
v o r t e x e s ,  p a r t i c u l a r l y  over t h e  c o n t i n e n t s  during 
t h e  w i n t e r ,  i n f l u e n c e  s u b s t a n t i a l l y  t h e  change of 
c i r c u l a t i o n  i n  t h e  lower s t r a t o s p h e r e .  The r i s i n g  
l a r g e  scale tu rbu lence  exchange, followed by ad- 
v e c t i o n  and convect ive motions covering both t h e  
t roposphere and s t r a t o s p h e r e ,  i s  of g r e a t  importance 
i n  t h i s  process .  

This paper a l s o  p r e s e n t s  t h e  information 
about t h e  synchronic  change of g e o p o t e n t i a l  both 
i n  t h e  t roposphere and s t r a t o s p h e r e ,  t h e  h e i g h t  
up t o  which t h e  atmospheric vo r t exes  extend during 
t h e  w i n t e r ,  e tc .  

The problem of t h e  i n t e r a c t i o n  of processes  i n  t h e  t roposphere 
and t h e  s t r a t o s p h e r e  has  been d i scussed  i n  me teo ro log ica l  l i t e r a t u r e  
f o r  a long pe r iod  of t i m e .  Even i n  1940,  t h e  s tudy  (Ref. I) showed 
t h a t  t h e r e  w a s  no j u s t i f i c a t i o n  f o r  t h e  ideas  r ega rd ing  t h e  " s t r a t o -  
s p h e r i c  con t ro l "  which had e x i s t e d  f o r  30 y e a r s  (Ref. 2 ) .  The l ead ing  
r o l e  of t h e  t roposphere i n  t h e  development of atmospheric processes  
i s  shown i n  t h e  s tudy (Ref. 1) by determining t h e  amount of energy i n  
a system of thermodynamic so leno ids  . 

/ 3 0 *  

I n  r e c e n t  y e a r s ,  t h e r e  has  been an  i n c r e a s e  i n  s t u d i e s  on t h e  
e f f e c t  of processes  developing i n  t h e  t roposphere and s t r a t o s p h e r e  due 
t o  t h e  expansion of obse rva t ions  by means of radiosondes and meteorolo- 
g i c a l  rocke t s .  It i s  impossible  t o  e x p l a i n  t h e  s i g n i f i c a n t  i n t r a s e a s o n a l  
changes i n  t h e  temperature  f i e l d ,  t h e  g e o p o t e n t i a l ,  and t h e  wind, which 
are d e t e c t e d  i n  t h e  s t r a t o s p h e r e  of t h e  e x t r a t r o p i c a l  l a t i t u d e s ,  by 
r a d i a n t  hea t  exchange. This  i s  due t o  t h e  f a c t  t h a t  t h e  d i u r n a l  changes 
i n  t h e  a i r  temperature  exceed by s e v e r a l  f a c t o r s  t h e  r a d i a t i o n  hea t ing  
and coo l ing  of t h e  s t r a t o s p h e r e  i n  t h i s  sphe re  (Ref. 3 ) .  I n  a d d i t i o n ,  

* Note: Numbers i n  t h e  margin i n d i c a t e  pag ina t ion  i n  t h e  o r i g i n a l  
f o r e i g n  t e x t  . 
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t h e s e  changes - p a r t i c u l a r l y  t h e  temperature  rise i n  t h e  s t r a t o s p h e r e  
of t h e  Arctic - could no t  be explained in ,win te r ,  when r a d i a n t  h e a t i n g  
of t h e  a i r  i s  n o t  p o s s i b l e  a t  high l a t i t u d e s  under t h e  cond i t ions  of 
t h e  p o l a r  n i g h t .  

Seve ra l  a u t h o r s  have s t u d i e d  t h e  sha rp  temperature  r ise i n  t h e  
s t r a t o s p h e r e  of t h e  Arctic i n  win te r .  However, up u n t i l  t h e  p r e s e n t  
t h e r e  has been no uniform opinion as t o  t h e  n a t u r e  of t h i s  phenomenon. 
Some r e s e a r c h e r s  e x p l a i n  t h e s e  changes by s o l a r  a c t i v i t y  (Ref. 4 ,  5 ) ;  
o t h e r  r e s e a r c h e r s  e x p l a i n  them by advec t ion  of t h e  warm a i r  from t h e  
mean l a t i t u d e s  (Ref. 6 ,  7) o r  by t h e  descending movement of t h e  a i r  and 
a d i a b a t i c  h e a t i n g  of i t  (Ref. 8-10). C e r t a i n  r e s e a r c h e r s  e x p l a i n  them 
by t h e  simultaneous e f f e c t  of advec t ion  and t h e  descending movement of 
a i r  i n  t h e  b a r o c l i n i c  zones (Ref. 11-14). This  d i v e r s i t y  of opinions 
can be p r i m a r i l y  explained by i n s u f f i c i e n t  d a t a  from a e r o l o g i c a l  obser- 
v a t i o n s  i n  t h e  Arctic and by t h e  incomplete exp lana t ion  of advec t ive  and 
non-advective temperature  changes i n  t h e  s t r a t o s p h e r e .  I n  a d d i t i o n ,  as 
a r u l e  r e s e a r c h e r s  have s t u d i e d  processes  i n  t h e  s t r a t o s p h e r e  a p a r t  from 
processes  i n  t h e  t roposphere.  I n  p r i n c i p l e ,  i t  is  i n c o r r e c t  t o  s tudy  
non-periodic temperature  f l u c t u a t i o n s  and a i r  c i r c u l a t i o n  i n  t h e  s t r a t o -  
sphere i n  t h i s  way, a l though t h e  cond i t ions  under which a i r  undergoes 
r a d i a n t  hea t ing  i n  t h e s e  two spheres  are d i f f e r e n t .  

The mean monthly maps of a b s o l u t e  topography show t h a t  t h e  s t r u c t u r e  
of t h e  isohypse f i e l d  i n  t h e  s t r a t o s p h e r e ,  i n  areas of 200, 100, 50 and 
even on 30 and 10 mb, have t h e  f e a t u r e s  of t h e  areas l y i n g  below i n  
w i n t e r ,  p a r t i c u l a r l y  a t  500 mb: The c h a r a c t e r i s t i c  s easona l  s t r u c t u r a l  
f e a t u r e s  of t h e  re la t ive and a b s o l u t e  g e o p o t e n t i a l  f i e l d s ,  c r e a t e d  due 
t o  t h e  i n f l u e n c e  of t h e  underlying area ( c o n t i n e n t s  and oceans) and t h e  
wind a c t i v i t y ,  f i n d  expres s ion  i n  t h e  s t r a t o s p h e r e .  It i s  no t  a c c i d e n t a l  
t h a t  many r e s e a r c h e r s  have e s t a b l i s h e d  t h e  f a c t  t h a t  i n  every case sharply-  I 3 1  
expressed mer id iona l  c i r c u l a t i o n  i n  t h e  t roposphere and t h e  lower s t r a t o -  
sphere preceded t h e  w i n t e r  temperature r ise i n  t h e  s t r a t o s p h e r e  of t h e  
Cen t ra l  Arctic through t h e  n o r t h e r n  P a c i f i c  Ocean o r  t h e  A t l a n t i c .  

I n  works which w e r e  published p rev ious ly  (Ref. 12, 1 5 ) ,  t h e  au tho r  
advanced a hypothesis  t o  e x p l a i n  t h e  n a t u r e  of i n t r a s e a s o n a l  changes i n  
t h e  temperature f i e l d  and c i r c u l a t i o n  i n  t h e  s t r a t o s p h e r e .  According t o  
t h i s  hypo thes i s ,  t h e  strongly-developing atmospheric winds had a s i g n i f i -  
can t  i n f l u e n c e  on t h e  s t r a t o s p h e r i c  p rocesses ,  i nc lud ing  t h e  formation 
of very anomalous temperature  rises i n  t h e  Arctic.  It w a s  shown t h a t  
a group of s t r o n g  cyclones,  causing i n t e n s e  i n t r a - l a t i t u d i n a l  a i r  exchange 
i n  t h e  t roposphere,  modif ies  t h e  c i r c u l a t i o n  system i n  t h e  win te r  a t  
a l t i t u d e s  up t o  25-30 km, and i n  i n d i v i d u a l  cases even h ighe r .  I n  
summer, t h e  r e v e r s e  i s  t h e  case. Cyclones and a n t i c y c l o n e s  f r e q u e n t l y  
reach l e v e l s  of 20 km, bu t  only r a r e l y  are t h e r e  traces of them a t  an  
a l t i t u d e  of 20-22 km. 

According t o  t h e  s t u d i e s  of Y e .  I. Lubentsova, a c losed  cyclone 
system of isohypses  i s  f r e q u e n t l y  encountered a t  a l t i t u d e s  of 20-25 km 

2 



and above i n  win te r .  I n  summer, i t  i s  only encountered up t o  levels  of 
20-22 km. Both i n  w i n t e r  and i n  summer, as a r u l e  cyclones i n  t h e  s t r a t o -  
sphere occur t o  t h e  n o r t h  of 40-45" N wi th  a magnitude H i n  a 500 mb area 
equa l l ing  510-520 decameters i n  w i n t e r ,  and 540-550 decameters i n  summer. 

What produces t h e  d i f f e r e n c e s  i n  t h e  e x t e n t  of cyclone c i r c u l a t i o n  i n  
t h e  s t r a t o s p h e r e  i n  t h e  w i n t e r  and summer? It i s  known t h a t  t h e  d i r e c t i o n  
of t h e  h o r i z o n t a l  temperature  g r a d i e n t  above t h e '  tropopause u s u a l l y  reverses 
i n  t h e  developing b a r i c  formations,  no matter what t h e  season of t h e  y e a r ,  
due t o  t h e  dynamics of t h e  processes .  However, t h e  d i r e c t i o n  of t h e  t e m -  
p e r a t u r e  g r a d i e n t  e s t a b l i s h e d  above t h e  tropopause i n  summer remains up t o  
an a l t i t u d e  of 25-30 km, and - judging from t h e  n a t u r e  of t h e  seasona l  
temperature f i e l d  i n  t h e  s t r a t o s p h e r e  (Ref. 16) - i t  appa ren t ly  remains 
up t o  t h e  l e v e l  of maximum temperatures  - i . e . ,  50-60 km. I n  w i n t e r ,  t h i s  
u s u a l l y  extends up t o  an a l t i t u d e  of 15-20 km above t h e  mean and h igh  l a t i -  
t udes ,  i f  t h e  d i r e c t i o n  of t h e  h o r i z o n t a l  temperature  g r a d i e n t  above t h e  
tropopause i s  j u s t  t h e  reverse of t h a t  f o r  t h e  t roposphere.  Above t h i s  
a l t i t u d e ,  t h e  d i r e c t i o n  of t h e  temperature  g r a d i e n t  u s u a l l y  becomes t h e  
same as i n  t h e  t roposphere.  

Thus, t h e  seasona l  n a t u r e  of t h e  temperature  g r a d i e n t  d i r e c t i o n  
during win te r  and summer i n  t h e  s t r a t o s p h e r e ,  which is  caused by r a d i a n t  
hea t  exchange p a r t i c u l a r l y  a t  t h e  high l a t i t u d e s ,  l e a d s  t o  d i f f e r e n t  r e s u l t s  
under t h e  c o n d i t i o n s  of t h e  p o l a r  n i g h t  and t h e  p o l a r  day. During w i n t e r ,  
t h e  magnitude of t h e  h o r i z o n t a l  temperature  g r a d i e n t s  i n c r e a s e s  wi th  a l t i -  
tude  between t h e  mean and high l a t i t u d e s  i n  t h e  s t r a t o s p h e r e ,  t h e  tempera- 
t u r e  cons t an t s  i n c r e a s e ,  and t h e  winds i n t e n s i f y  reaching a l t i t u d e s  of 
25-35 km a t  more than  40-50 m / s e c .  On t h e  o t h e r  hand, i n  summer t h e  wind 
v e l o c i t y  above t h e  t ropopause,  decreasing w i t h  a l t i t u d e ,  changes t o  an  
e a s t e r l y  d i r e c t i o n ,  and u s u a l l y  does not  exceed 10-15 m / s e c  a t  t h e s e  a l t i -  
tudes.  Consequently, i n  t h e  s t r a t o s p h e r e  t h e  s t r e n g t h  of t h e  h o r i z o n t a l  
and v e r t i c a l  a i r  c i r c u l a t i o n  i n c r e a s e s  wi th  a l t i t u d e  i n  w i n t e r ,  and dec reases  
i n  summer. This comprises t h e  main reason f o r  t h e  d i f f e r e n c e  i n  t h e  n a t u r e  
of processes  occur r ing  during w i n t e r  and summer i n  t h e  s t r a t o s p h e r e ,  as 
w e l l  as t h e  absence of i n t e n s e  t r ans fo rma t ions  of t h e  temperature and pres-  
s u r e  f i e l d s ,  which are s i m i l a r  t o  t hose  occur r ing  i n  w i n t e r ,  a t  high l a t i -  
tudes during the  summer. 

When t h e  deep, powerful atmospheric winds ( f r e q u e n t l y  series of them) 
are l o c a l i z e d  i n  a d e f i n i t e  r eg ion ,  s i g n i f i c a n t  changes i n  temperature  and 
wind occur a t  t h i s  p o i n t  a t  t h e  h ighe r  level.  The atmospheric winds, 
which reach l e v e l s  of 20 km and more as they develop,  remain s t r o n g  and 
in f luence  t h e  l a y e r s  l y i n g  above, s i n c e  t h e  g e n e r a l  d i r e c t i o n  of t h e  h o r i -  
z o n t a l  temperature g r a d i e n t  between t h e  mean and high l a t i t u d e s  corresponds 
t o  an  i n t e n s i f i c a t i o n  of t h e  c i r c u l a t i o n .  The temperature  f i e l d  changes 
most v igo rous ly  i n  t h e  i n t e n s i f y i n g ,  s t r a t o s p h e r i c  f r o n t a l  zones (Ref. 1 7 ) .  / 3 2  

When t h e  temperature  dec reases  i n  t h e  cyclone system and i n c r e a s e s  i n  
t h e  an t i cyc lones  under d i f f e r e n t  s t a g e s  of development, i t s  advec t ive  and 
a d i a b a t i c  changes caused by v e r t i c a l  motion p l a y  a corresponding r o l e  (Ref. 18). 
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Advection p l ays  t h e  main r o l e  i n  t h e  d i u r n a l  changes of t h e  temperature  
f i e l d  i n  a system of b a r i c  formations i n  t h e  t roposphere ,  a l though adia-  
b a t i c  changes a l s o  have a s i g n i f i c a n t  e f f e c t  on r e c o n s t r u c t i n g  t h e  thermo- 
b a r i c  f i e l d .  I n  t h e  lower s t r a t o s p h e r e ,  p a r t i c u l a r l y  i n  t h e  c l e a r l y -  
expressed b a r o c l i n i c  zones,  s i g n i f i c a n t  tempera ture  changes occur due t o  
t h e  v e r t i c a l  motion of t h e  a i r .  
t h e  advec t ive  changes (Ref. 13-15). This  i s  p r i m a r i l y  due t o  t h e  . f ac t  
t h a t  i t s  h o r i z o n t a l  g r a d i e n t s ,  as w e l l  as v e r t i c a l  g r a d i e n t s ,  are s m a l l  
i n  t h e  lower s t r a t o s p h e r e .  

These temperature  changes u s u a l l y  exceed 

L a t i -  
tude  

"S 

Troughs and r i d g e s  u s u a l l y  correspond t o  cyc lones  and an t i cyc lones  
i n  t h e  s t r a t o s p h e r e .  They are u s u a l l y  a t t e n u a t e d  above t h e  tropopause 
i n  t h e  ma jo r i ty  of cases, s i n c e  t h e  h o r i z o n t a l  temperature  g rad ien t  i n  
t h e  middle and upper t roposphere  i s  d i r e c t e d  from a high-pressure r eg ion  
t o  a low-pressure reg ion ,  i n  accordance wi th  t h e  cond i t ions  under which 
reg ions  of high and low p res su re  are formed. According t o  d a t a  f o r  
January,  1960,  t h e  temperature  d i f f e r e n c e  between r i d g e s  and t roughs on 
an  i s o b a r i c  s u r f a c e  of 500 mb i s  p r imar i ly  10-12" a t  t h e  h igh  l a t i t u d e s ,  
and 8-10' a t  t h e  mean l a t i t u d e s  ( see  t h e  t a b l e ) .  
t h e  d i r e c t i o n  of t h e  temperature  g r a d i e n t  i s  r eve r sed ,  which i s  caused by 
t h e  h igher  p o s i t i o n  of t h e  tropopause i n  an t i cyc lones  and r idges  and by 
i t s  low p o s i t i o n  i n  cyclones and t roughs.  During t h e  s t a g e  of g r e a t e s t  
development, as w e l l  as dur ing  t h e  s t a g e  i n  which they  are f i l l e d  up and 
des t royed ,  t h e  d i f f e r e n c e  i n  t h e  he igh t  of t h e  t ropopause between them is  
2-3 km f o r  t h e  most p a r t .  

I n  t h e  upper t roposphere 

I s o b a r i c  Areas 
___- __ - __ - -- 

500 1 300 I - 200 ! 100 I 50 1 30 1 10 
___ - - __ 

- 8  
-10 
-10 
- 8  

$0 
GO 
50 

-1 
-1 
-3 
-3 

-0 
-1 
-2 
-2 

-1 
-1 
-1 
-1 

4-1 
4-1 
-2 
-3 

-1 
-1 
-1 

0 

Thus, somewhat below t h e  tropopause t h e  temperature  i s  balanced 
between t h e  high- and t h e  low-pressure r eg ions .  
t h e  a i r  temperature  i n  t h e  system of h igh  cyclones and t roughs i s  much 

Above t h e  balancing l e v e l ,  
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h ighe r  than  above a n t i c y c l o n e s  and r idges .  
t h e  tropopause - i n  t h e  lower s t r a t o s p h e r e ,  where t h e  temperature  d i f f e r e n c e  
between them a t  one and t h e  same l a t i t u d e s  i n  a 200 mb area i s  -8, -10" on 
t h e  average during w i n t e r ,  and i n  i n d i v i d u a l  cases reaches -15, -18". 
a 100 mb area, t h i s  s i t u a t i o n  i s  u s u a l l y  changed, and t h e  magnitude of t h e  
d i f f e r e n c e  dec reases  t o  -1, -3". J u s t  as i n  t h e  areas (50, 30 mb) l y i n g  
above, t h e  s i g n  of t h i s  d i f f e r e n c e  changes during w i n t e r  i n  t h e  t r o u g h a n d  /33 
r i d g e s  as a f u n c t i o n  of t h e  n a t u r e  of t h e  processes .  

This  s i t u a t i o n  remains above 

I n  

I n  summer ( J u l y ,  1950) ,  t h e  temperature d i f f e r e n c e s  d i f f e r e d  from t h e  
win te r  d i f f e r e n c e s  i n  terms of a b s o l u t e  va lues .  They w e r e  most f r e q u e n t l y  
6-8" i n  500 mb areas a t  h igh  and mean l a t i t u d e s .  I n  t h e  lower s t r a t o s p h e r e  
(200 mb), j u s t  as i n  w i n t e r ,  t h e  s i g n s  w e r e  n e g a t i v e  ( - 6 ,  -10'). A t  h ighe r  
p o i n t s ,  i n  100 and 50 mb areas, t h e  temperature d i f f e r e n c e s  w e r e  p r imar i ly  
nega t ive  and s m a l l  i n  terms of magnitude (-1, -3").  They w e r e  s m a l l  i n  30 
and 10 mb areas. It can b e  s t a t e d  t h a t  i n  a 50 mb area t h e  a i r  temperature 
i s  balanced i n  t h e  r i d g e s  and t roughs.  The g radua l  a t t e n u a t i o n  of t h e  
mer id iona l  c i r c u l a t i o n ,  and t h e  change t o  zonal  c i r c u l a t i o n ,  during summer 
i n  t h e  s t r a t o s p h e r e  is  determined by the  presence of a thermo-polar a n t i -  
cyclone and by t h e  n a t u r e  of t h e  temperature d i s t r i b u t i o n  i n  t h e  system of 
high r i d g e s  and t roughs.  Therefore ,  above 20-25 km t h e  isohypses fol low 
t h e  l a t i t u d i n a l  c i r c l e  and are  not  formed s i m i l a r l y  t o  t h e  win te r  tempera- 
t u r e  anomalies. 

However, during w i n t e r  when t h e  a i r  c i r c u l a t i o n  i s  c l o s e  t o  zonal 
c i r c u l a t i o n ,  t h e  c e n t e r  of t h e  p o l a r  cold cyclone i n  t h e  t roposphere through- 
out  t h e  e n t i r e  hemisphere expands i n t o  t h e  r eg ion  along t h e  po le ,  not  only 
i n t o  t h e  upper t roposphere b u t  a l s o  i n t o  t h e  s t r a t o s p h e r e .  When t h e r e  i s  
meridional  c i r c u l a t i o n ,  which e x i s t s  f r e q u e n t l y  and i n t e n s e l y  during win te r  
i n  t h e  Northern Hemisphere, t h e  c e n t e r  of t h e  high p o l a r  cyclone i s  s h i f t e d  
f o r  t h e  most p a r t  from t h e  p o l a r  r eg ion  t o  d i f f e r e n t  s i d e s  of t h e  horizon.  
I n t e r e s t i n g  r e s u l t s  (Ref. 19) have been de r ived  from a s tudy  of t h e  p o s i t i o n  
of t h e  c e n t e r  of t h e  p o l a r  cyclone i n  d i f f e r e n t  r e g i o n s  of t h e  Northern 
Hemisphere i n  t h e  cold ha l f -yea r s  of 1958-1962 a t  t h e  23-24 km l e v e l .  

It w a s  found t h a t  t h e  c e n t e r  of t h e  p o l a r  cyclone over a per iod of 
637 days w a s  l o c a t e d  i n  t h e  r eg ion  of t h e  North Pole  (85-90" N) f o r  a 
t o t a l  of 116 days,  which amounts t o  only 18%. A t  t h e  same time above 
northern A s i a ,  i nc lud ing  t h e  underlying seas, t h i s  amounted t o  31% of 
t h e  days,  and i n  no r the rn  Europe - 13% of t h e  days.  During t h e  remaining 
p e r i o d ,  i t s  c e n t e r  s h i f t e d  toward Greenland (9%) and Canada (5% of t h e  
days) .  It should be pointed out  t h a t  f o r  24% of t h e  days t h e  p o l a r  cyclone 
had two c e n t e r s .  One of t h e s e  c e n t e r s  w a s  l o c a t e d  over no r the rn  A s i a ;  t h e  
o t h e r  w a s  l o c a t e d  over Canada. A b i f u r c a t i o n  t h u s  occurred i n  t h e  tropo- 
sphere.  Thus, t h e  c e n t e r  of t h e  p o l a r  cyclone i n  t h e  c o l d  h a l f  of t h e  
yea r  w a s  most f r e q u e n t l y  l o c a t e d  not  i n  t h e  p o l a r  r eg ion ,  b u t w a s  s h i f t e d  
toward Euras i a  - i . e . , i t  w a s  no t  circumpolar as i t  i s  u s u a l l y  c a l l e d .  

The f r equen t  s h i f t  of t h e  p o l a r  cyclone c e n t e r  i n  t h e  s t r a t o s p h e r e  
toward no r the rn  A s i a  is  u s u a l l y  accompanied by an anomalous temperature  
rise i n  t h e  P a c i f i c  Ocean r eg ion  of t h e  A r c t i c .  Apparently,  t h e s e  
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phenomena are c l o s e l y  r e l a t e d .  They r e s u l t  from t h e  development of 
macroprocesses i n  t h e  hemisphere, and they  must b e  s t u d i e d  s imultaneously.  

I n  o r d e r  t o  determine t h e  cond i t ions  under which t h e  p rocesses  de- 
veloping i n  t h e  t roposphere have a s i g n i f i c a n t  i n f l u e n c e  on t h e  tempera- 
t u r e  f i e l d  and t h e  c i r c u l a t i o n  i n  t h e  s t r a t o s p h e r e ,  w e  can examine t h e  
f e a t u r e s  of t h e  cyclones reaching t h e  lower s t r a t o s p h e r e .  

The r ecu r rence  of intensely-developing t roposphe r i c  cyclones is  no t  
i n  accordance wi th  t h e i r  r ecu r rence  i n  t h e  lower s t r a t o s p h e r e .  
a l t i t u d e s ,  cyclones are u s u a l l y  discovered above t h e  n o r t h e r n  r eg ions  of 
t h e  hemisphere, most f r e q u e n t l y  above t h e  c o n t i n e n t s  and r a r e l y  above 
t h e  oceans. The l a c k  of agreement between t h e i r  r ecu r rence  on t h e  e a r t h  
and i n  t h e  mean t roposphere (on a AT-500 map) w a s  discovered p rev ious ly  
(Ref. 20, 21) .  It i s  n a t u r a l  t o  assume t h a t  t h e  deeper t h e  cylone extends,  
t h e  more l i k e l y  i t  is  t o  be d e t e c t e d  i n  t h e  upper t roposphere and t h e  
lower s t r a t o s p h e r e .  For purposes of v e r i f i c a t i o n ,  maps showing t h e  
r ecu r rence  of cyclones over 1 2  w in te r  months of 1958-1962 w e r e  cons t ruc t ed ,  
based on t h e  methodology u s u a l l y  employed f o r  t h i s  purpose - they were 
recorded on maps d iv ided  i n t o  quadra tu res  which are equa l  i n  area, f o r  
t h e  fol lowing areas: e a r t h ,  AT-500, AT-100, and AT-10 based on maps of 
t h e  Cen t ra l  I n s t i t u t e  of Fo recas t ing  and t h e  B u l l e t i n  of B e r l i n  Un ive r s i ty  
(Ref. 22). 

A t  h igh 

Cyclones have been recorded on t h e  e a r t h ' s  s u r f a c e  having a depth 

ine lud ing  i n d i v i d u a l  d i s t u r b a n c e s  a r i s i n g  

I34 
of 980 mb; a t  AT-500 - 512 decameters: a t  AT-100 - 1536 decameters;  
and a t  AT-10 - a l l  cyclones 
and d i sappea r ing  i n  1-2 days.  Even f o r  deep cyclones having a p r e s s u r e  
of 980 mb a t  t h e  c e n t e r ,  t h e  r e l a t i o n s h i p  between t h e i r  r ecu r rence  on 
t h e  e a r t h  and a t  high a l t i t u d e s  i s  complex. Ac tua l ly ,  t hey  are most 
f r e q u e n t l y  observed on t h e  e a r t h  ove r  t h e  n o r t h e r n  r e g i o n s  of t h e  A t l a n t i c  
and t h e  P a c i f i c  Ocean (from 40 t o  50 p e r  quadra tu re ) .  It i s  c h a r a c t e r i s -  
t i c  t h a t  t h e r e  i s  one c e n t e r  of g r e a t e s t  r ecu r rence  over t h e  A t l a n t i c ,  and 
t h e r e  are two over t h e  P a c i f i c ,  wh i l e  both are l o c a t e d  i n  t h e  l a t i t u d i n a l  
zone of 50-70'N. I n  t h e  500 mb area, t h e  g r e a t e s t  r e c u r r e n c e  of cyclones,  
with a va lue  of H S 512 decameters a t  t h e  c e n t e r ,  occurs  i n  n o r t h e r n  
Canada, t h e  T a i m a i r  Pen insu la ,  and the  Far East .  This  c o r r e c t i o n  i n t r o -  
duces a temperature  f i e l d  i n t o  t h e  t roposphere.  B u t , n e v e r t h e l e s s , i n  t h e  
mean t roposphere t h e  r ecu r rence  of deep cyclones over t h e  oceans i s  s t i l l  
l a r g e .  

A s  i s  known, t h e  f i e l d  of a b s o l u t e  g e o p o t e n t i a l  a t  a l t i t u d e s  is  de- /35 
termined by t h e  r e l a t i o n s h i p  H 
i n  t h e  r i g h t  p a r t  of t h i s  equafion,  t h e  second term u s u a l l y  p l ays  t h e  
l a r g e r  r o l e  a t  a l t i t u d e s  - i . e . ,  t h e  temperature of t h e  a i r  l a y e r  l y i n g  
below. The r o l e  of temperature  c o n s t a n t l y  i n c r e a s e s  wi th  a l t i t u d e ,  which 
fol lows from t h e  map of cyclone r ecu r rence  i n  areas of 100 and 10 mb 
(Ref .  1 9 ) .  Thus, i n  a 100 mb area t h e  r ecu r rence  of c losed  cyclone forma- 
t i o n s  considerably i n c r e a s e s  over t h e  no r the rn  r eg ions  of t h e  c o n t i n e n t s ,  
and sha rp ly  dec reases  over t h e  no r the rn  r eg ions  of t h e  oceans. 

= H ~ O O O  + H ~ O O O .  Out of t h e  two terms 

A s  a r u l e ,  i n  a 10 mb area cyclones are concen t r a t ed  t o  t h e  no r th  
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Figure 1 

Air Temperature Change in the 25-1000 mb Layer (Above) and 

From January 25 to February 8,  1958 Over Oslo and Stockholm 

Dotted Line - 500 mb; Solid Line - 25 mb 

Change in Absolute Geopotential In 500 and 25 mb Areas (Below) 

of the 50° latitude, with greatest recurrence in northern Greenland and 
Eurasia. Attention should be called to the fact that in a 100 mb area 
cyclones having a depth of 1536 decameters were not observed over a 
period of four years during the winter months in western North America 
and Alaska, while in a 10 mb area they were completely absent in a large 
portion of the eastern Arctic. 
the absolute geopotential field in the stratosphere is great, nevertheless 
the factor H frequently introduces significant changes into the struc- 
ture of the isohypses and circulation, not only in the lower stratosphere 
but also in the mean stratosphere. 

Although the role of temperature in forming 

PO 

In order to demonstrate the influence of these factors on the change 
in the geopotential field (H) and circulation in the stratosphere, we shall 
present several graphs showing the changes in H in different areas in 
different regions of the Northern Hemisphere during one and the same periods 
of time. The curves in Figure 1 show significant, but uniform changes in 
H in the troposphere (500 mb) and the stratosphere (25 mb) from January 25 
to February 8, 1958, over Oslo and Stockholm. As can be seen, the increase 
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Figure 2a 
AT-300 Map for January 22, 1958 

at the beginning and the decrease during the following days in the geo- 
potential by 50-60 drcLmeters at 500 mb, and 100-150 decameters at /36 
25 mb, is accompanied by a small temperature drop in the troposphere 
and a slight temperature increase in the stratosphere. 
bances, which are reflected in the 500 mb area, very frequently have 
no influence on the H = 25 mb field. 

Small distur- 

The reason for the uniform changes in H in the troposphere and 
the stratosphere during the last decade of January, 1958, can be found 
in the anticyclone genesis over middle and northern Europe. From January 
22 to January 28, H increased by 100-120 decameters in the stratosphere 
(25 mb) over middle Europe. Out of these numbers, about 60 decameters 
belong to the troposphere, and only 50 decameters 
crease in the stratosphere. 
surface and throughout the entire troposphere, the geopotential increases 
at the higher levels above all of Europe. In accordance with the cyclone 
pattern in the Atlantic, a zone is created over the northern half of 

to a temperature in- 
As the anticyclone intensifies on the earth's 
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Figure 2b 
AT-50 Map for January 22, 1958 

Europe in which the currents converge with large wind velocities and 
temperature contrast. Descending air movements and a certain increase 
in air temperature are observed in this zone. 

Changes in the geopotential field in the troposphere and strato- I37 
sphere during this period are represented in the AT-300, AT-50 and AT-10 
maps for January 22, 25, and 27 (see Figures 2, 3 and 4). Judging by 
the AT-300 map (Figure 2a), on January 22 there was a trough over 
western Europe which, as a result of the incipient anticyclogenesis 
process, was gradually filled up (Figure 3a). On January 27 the area 
was conceded to an anticyclone, which was clearly expressed not only in 
the upper troposphere but a l s o  in the mean stratosphere (Figure 4a). By 
this time, the pressure in the center of the anticyclone close to the 
earth reached 1045 mb. 

At the same time, in northern Canada the temperature decreased with 
an increase in the cyclone pattern in the troposphere, while in the 
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Figure 2c 

AT-10 Map f o r  January 2 2 ,  1958 

s t r a t o s p h e r e ,  on t h e  o t h e r  hand, i t  inc reased .  A s  can b e  seen from Figure 
5 ,  t h e  p a t t e r n  of t h e  g e o p o t e n t i a l  curves f o r  H-500 and H-25 i s  j u s t  t h e  
reverse of t h e  c u r r e n t  i n  Figure 1. I n  Eureka and A l e r t ,  when t h e r e  w a s  
a s m a l l  temperature  i n c r e a s e  i n  t h e  t roposphere between January 21 and 
January 2 4 ,  t h e  magnitude of H i nc reased  somewhat i n  both areas. Af t e r  
January 24-26, t h e  temperature  dropped almost cont inuously due t o  t h e  
development of cyclones i n  t h e  t roposphere,  wh i l e  i n  t h e  s t r a t o s p h e r e  i t  
inc reased .  A s  a r e s u l t ,  from January 24 t o  February 1, t h e r e  w a s  an  
i n c r e a s e  i n  H i n  t h e  s t r a t o s p h e r e ,  wh i l e  i t  decreased i n  t h e  t roposphere.  138 

Graphs compiled f o r  t h e  r eg ion  of sou the rn  Greenland, n o r t h e a s t  
A s i a ,  t h e  Baykal r eg ion ,  no r the rn  Scandinavia,  e tc .  have not  been pre- 
s en ted  h e r e ,  s i n c e  i n  many ways they are s i m i l a r  t o  t h e  graphs shown i n  
Figures  1 and 5. Some of t h e  graphs were cons t ruc t ed  f o r  t h e  pe r iods  of 
January 4-18 and January 18-31, 1960, i n  d i f f e r e n t  r eg ions  of t h e  Northern 
Hemisphere. A l l  of t h e s e  pe r iods  are c h a r a c t e r i z e d  by t h e  b i f u r c a t i o n  of 
a s t r a t o s p h e r i c  p o l a r  cyclone. We s h a l l  examine one of t h e  cases i n  which 
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Figure  3a 
At-300 Map f o r  January 25, 1958 

two cyclones merged i n  t h e  s t r a t o s p h e r e  dur ing  t h e  pe r iod  from January 
18-31, 1960, which w a s  accompanied by a s i g n i f i c a n t  decrease  i n  H i n  
t h e  t roposphere  and s t r a t o s p h e r e  over  North America. 

Figure 6 p r e s e n t s  curves  f o r  t h e  change i n  t h e  a b s o l u t e  geopoten- 
t i a l  and temperature  of t h e  main i s o b a r i c  areas over  no r the rn  Canada a t  
t h e  p o i n t s  a and b. A t  p o i n t  a ,  H decreased a t  a l l  a l t i t u d e s  between 
January 18-25, and then  i t  inc reased  a compart ively s m a l l  amount. A t  
p o i n t  b ,  which i s  l o c a t e d  somewhat t o  t h e  n o r t h e a s t ,  H decreased almost 
cont inuous ly  from January 18 up t o  January 28-29. The high-pressure 
r eg ion ,  which w a s  formed be fo re  January 18 over  wes tern  Canada and Alaska,  
began t o  be  d i s t u r b e d ,  and by t h e  end of t h e  month a n  ex tens ive  cyclone 139 
had a r i s e n  over  t h e  Arc t i c  and t h e  ad jacen t  r eg ions  (F igure  7 ) .  

Data on t h e  tempera ture  change i n  t h e  t roposphere  and s t r a t o s p h e r e  
dur ing  t h i s  per iod  (F igure  6)  showed t h a t  t h e r e  w e r e  no s i g n i f i c a n t  

11 



Figure 3b 

AT-50 Map f o r  January 25, 1958 

temperature changes i n  e i t h e r  sphere ( s e e  dashed c u r v e s ) .  
t i m e ,  t h e  magnitude of H cons ide rab ly  decreased i n  a l l  areas. 
t i c u l a r ,  t h e  magnitude of H decreased by more than  100 decameters 
northwestern Canada i n  t h e  30 mb area, and it  decreased by 60 decameters 
- i n  t h e  300 and 500 mb areas. 

A t  t h e  same 
I n  par- 

over 

This example of a r e c o n s t r u c t i o n  of t h e  p r e s s u r e  f i e l d  and atmos- 
p h e r i c  c i r c u l a t i o n  a t  a l t i t u d e s  up t o  30 km, and appa ren t ly  even h i g h e r ,  
a l s o  demonstrates t h e  f a c t  t h a t  t h i s  r e c o n s t r u c t i o n  i s  caused by t h e  
development of t roposphe r i c  cyclones over n o r t h e r n  Canada and i n  t h e  
p o l a r  region.  A cyc lon ic  vo r t ex  arises i n  the  s t r a t o s p h e r e ,  due t o  t h e  
development of cyclones and t o  t h e  dec rease  i n  temperature  and H i n  t h e  
t roposphere.  Small changes i n  t h e  temperature  f i e l d  i n  t h e  s t r a t o s p h e r e  
can be explained by t h e  absence of s t rong  mer id iona l  t r ans fo rma t ions  of 
t h e  thermobaric f i e l d  i n  t h e  t roposphere.  
las t  decades of January t h e  meridional  c i r c u l a t i o n ,  which had been s t r o n g  

On t h e  o t h e r  hand, during t h e  /40 
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Figure 3c 
AT-10 Map f o r  January 25 ,  1958 

up t o  t h i s  t i m e ,  g r a d u a l l y  diminished over t h e  e n t i r e  hemisphere. 

A l l  of t h e s e  d a t a  confirm t h e  f a c t  t h a t  a change i n  H a t  a l t i t u d e s  
inc lud ing  t h e  s t r a t o s p h e r e  depends no t  only on t h e  temperature  change i n  
t h e  d i f f e r e n t  l a y e r s ,  b u t  a l s o  on t h e  vo r t ex  a c t i v i t y .  

The r e s u l t s  de r ived  from t h e  s tudy enable  one t o  formulate  c e r t a i n  
assumptions regarding t h e  n a t u r e  of t h e  d i v e r s e  and complex combination 
of changes i n  p r e s s u r e  nea r  t h e  e a r t h ,  temperature ,  and a b s o l u t e  geopo- 
t e n t i a l  i n  t h e  t roposphere and t h e  s t r a t o s p h e r e .  An assumption may a l s o  
b e  formulated r ega rd ing  t h e  r o l e  of cyclone a c t i v i t y  i n  t h e  processes  by 
which t h e  thermobaric f i e l d  is  transformed i n  t h e  s t r a t o s p h e r e .  

It w a s  a l r e a d y  i n d i c a t e d  above t h a t  anomalous temperature  rises i n  
t h e  A r c t i c  are caused by t h e  s t r o n g  development of cyclones and a n t i -  
cyclones,  accompanied by i n t e n s e  meridional  c i r c u l a t i o n .  Some of t h e  
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Figure 4a 
AT-300 Map for January 27, 1958 

studies have analyzed the thermobaric field and have clarified the decisive 
factors influencing the temperature field change in the stratosphere. 
Geostrophic advection and adiabatic temperature changes represent such 
factors (Ref. 12-15). Calculations of advective temperature changes, em- /41 
ploying a graphic or analytical method by means of computers, have shown 
that they correctly characterize in general the advection which is ac- 
tually observed. Several methods have been employed (Ref. 2 3 )  to calcu- 
late the velocity of vertical air motion (W), in order to compute the 
adiabatic temperature changes. 

In recent years attempts have been made to calculate W, in order to 
Adiabatic computa- 
A method based on 

determine the temperature change in the stratosphere. 
tional methods are usually employed for this purpose. 
the difference in the local and advective temperature changes was employed 
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Figure 4b 
AT-50 Map f o r  January 2 7 ,  1958 

by t h e  au tho r s  t o  determine W i n  s t u d i e s  c a r r i e d  ou t  i n  1959-1962. 

Control  c a l c u l a t i o n s  of non-advective temperature  changes, performed 
f o r  s e v e r a l  cases by two methods, f o r  t h e  lower h a l f  of t h e  t roposphere 
haveshown t h a t  t hey  r e f l e c t  almost t h e  i d e n t i c a l  s i g n  and magnitude of 
ver t ical  a i r  motions. V e r i f i c a t i o n  w a s  t hus  made on t h e  b a s i s  of d a t a  
regarding t h e  occurrence o r  absence of p r e c i p i t a t i o n .  This  provided a 
b a s i s  f o r  assuming t h a t  non-advective temperature  changes i n  t h e  s t r a t o -  
sphe re  can be determined i n  t h e  f i r s t  approximation, j u s t  as i n  (Ref. 23) ,  
by t h e  d i f f e r e n c e  i n  i t s  a c t u a l  and advec t ive  changes. 142 

W can be c a l c u l a t e d  more a c c u r a t e l y  i n  t h e  s t r a t o s p h e r e  by t h e  
a d i a b a t i c  method than  it  can b e  i n  t h e  s t r a t o s p h e r e . *  This  i s  due t o  
* T r a n s l a t o r ' s  Note: Th i s  i s  an obvious typograph ica l  e r r o r  i n  t h e  

o r i g i n a l  t e x t .  
15 



Figure  4c 
AT-10 Map f o r  January 2 7 ,  1958 

t h e  n a t u r e  of t h e  temperature  changes i n  t h e  s t r a t o s p h e r e  dur ing  s h o r t  
pe r iods  of t i m e .  
t roposphere.  Diurna l  temperature  changes i n  t h e  s t r a t o s p h e r e  due t o  
r a d i a n t  hea t  exchange are s m a l l  (Ref. 2 4 ,  2 5 ) .  I n  a d d i t i o n ,  t h e  ver t i -  
cal  temperature  g r a d i e n t  i n  t h e  s t r a t o s p h e r e  i s  smaller, and t h e  scale 
of t h e  thermobaric f i e l d  i s  g r e a t e r .  The e f f e c t  of l a t e n t  hea t  on t h e  
temperature  f i e l d  change can be  completely excluded above t h e  tropopause.  

They extend f o r  a longer  per iod  of t i m e  than  i n  t h e  

R. A. Kreyg and M. A.  L e t i f  (Ref. 2 6 ) ,  who c a l c u l a t e d  W on t h e  
b a s i s  of t h e  a d i a b a t i c  form wi th  t h e  a i d  of computers, found t h a t  t h e  
magnitude of W i s  approximately t h e  same as i n  t h e  t roposphere.  
on t h e  100 mb l e v e l  W w a s  about  4 cm/sec; on t h e  50 mb l e v e l  - 6 cm/sec; 
and on t h e  25 mb l e v e l  - 8 cm/sec. 

Thus, 
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In the majority of cases, the descending motion occurred in the 
high troughs, and the ascending motion - in the high ridges. Local / 4 3  
temperature changes were usually confined to 2-4" since their advective 
changes were compensated for by adiabatic temperature changes in the 
majority of cases. Just as in the troposphere, in the rear portion of 
a high trough, strong cold advection is attenuated by the descending 
movements of air, and in the rear portion of a ridge, on the other hand, 
heat advection is attenuated by ascending motion. The signs of these 
changes coincide,and the temperature field and circulation are recon- 
structed only under definite conditions. 

The fact that during winter the magnitude of W increases somewhat 
with altitude in the stratosphere is apparently connected with the 
general intensification of the wind, due to an increase in the horizontal 
temperature gradient with altitude. Temperature advection also takes 
place more strongly in the 10 mb areas, than it does in the lower level 
of the stratosphere. At the same time, the vertical temperature gradient 
usually approximates 0" up to an altitude of 10 mb. 

The works(Ref. 13 and 14) present the results derived from calcu- 
lating temperature changes in the stratosphere of the Arctic and the 
moderate latitudes for several cases of anomalous winter temperature 
rises in 1957-1959. They also showed that advection and adiabatic I 4 4  
processes play a significant role in the air temperature change in the 
lower stratosphere. 

The role of temperature change is undoubtedly large in the recon- 
struction of the geopotential field and air currents in the stratosphere. 
At the same time, tropospheric processes are usually decisive in these 
changes, because transformations of the meteorological fields in the 
stratosphere follow their transformations in the troposphere. However, 
as we have seen above, fluctuations in the pressure near the earth 
(H-1000) and the temperature in the troposphere have a significant 
effect on these processes. This is due to the fact that cyclones and 
anticyclones, when they are strongly developed, have a direct influence 
on the structural change in the geopotential field and the air currents 
in the stratosphere. 

The temperature field in the troposphere, which is formed as a 
result of heat exchange with the underlying area and of atmospheric 
dynamics, greatly influences the formation of the absolute geopotential 
field in the stratosphere. In actuality, deep tropospheric cyclones 
frequently attain great altitudes. In a like manner, it 
appears that they must be frequently observed during winter in the mean 
stratosphere. Under the conditions of radiant heat exchange in the 
stratosphere, the cold region must be defined by the Arctic region 
on the average, more or less strictly along the latitudes. However, 
it can be seen from maps showing the recurrence of deep cyclones in 
different areas that in some regions they attain high altitudes compara- 
tively frequently, while in other regions - they are rarely detected 
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Consequently, t h e  ex tens ion  of t he  cyc lon ic  form of c i r c u l a t i o n  
up t o  the  mean s t r a t o s p h e r i c  l a y e r s  depends on t h e  temperature  back- 
ground a t  a l t i t u d e s  suppor t ing  o r  impeding t h e  ex tens ion  of t h e  cy- 
c l o n i c  vo r t ex  i n  the  upward d i r e c t i o n .  
o r  cyclones appear during win te r  i n  t h e  upper t roposphere,  most f r e -  
quen t ly  above t h e  c o l d e s t  regions of t h e  con t inen t s  of Asia and North 
America. The lowest values  i n  t h e i r  system are observed du r ing  t h e  146 

It  i s  apparent  t h a t  deep troughs 

January 15’5&. February January 1’95B. February 

Figure 5 

A i r  Temperature Change i n  t h e  10-1000 mb Layer and Change 
i n  Absolute Geopotent ia l  i n  500 and 25 mb Areas From 
January 25 t o  February 9 ,  1958 ,  Over Northern Canada 

(Eureka and A l e r t )  
Dotted Line - 500 mb; S o l i d  Line - 25 mb 

even i n  the  100 mb area. In p a r t i c u l a r ,  i n  t h e  n o r t h e r n  P a c i f i c  I 4 5  
Ocean, south o f  Alaska, where t h e r e  i s  f r equen t  r ecu r rence  of deep 
cyclones i n  the  t roposphere,  they are de tec t ed  r a r e l y  i n  t h e  100 mb 
area. The same i s  t r u e  f o r  t h e  moderate zone of t h e  hemisphere. 
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H, deca- 

Figure 6 

Changes i n  t h e  Magnitude of H (So l id  Curve) and To (Dashed 
Curve) i n  t h e  I s o b a r i c  Areas from January 18 - 31, 1960 over 
Northern Canada a t  P o i n t s  a and b.  

a- 9 = 73" N ,  X = 80" W; b- 9 = 70" N ,  X = 135" W. 

pe r iod  of maximum deepening and du r ing  t h e  i n i t i a l  s t a g e  du r ing  which 
t h e  cyclones are f i l l e d  up i n  eastern and n o r t h e a s t e r n  regions of t h e  
con t inen t s .  
o r  nega t ive  values  of H-1000 and t h e  low values  of OT;OO:o i n  t h e  

This can be explained by t h e  congruence between the  s m a l l  
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rear p o r t i o n  of t h e  cyclones,  p a r t i c u l a r l y  du r ing  t h e  s t a g e  i n  which 
they are f i l l e d  up. It i s  important  t h a t  they are imposed on a low 
background of a i r  temperature over t h e  cold c o n t i n e n t s .  

During 24% of t h e  days,  a p o l a r  s t r a t o s p h e r i c  cyclone has two 
cen te r s .  Its b i f u r c a t i o n  i s  caused by t h e  development of deep cyclones 
i n  no r the rn  and e a s t e r n  Asia and North America. The c e n t e r  of t h e  p o l a r  
s t r a t o s p h e r i c  cyclone du r ing  55% of t h e  days i s  s h i f t e d  toward A s i a .  
This can appa ren t ly  be explained by t h e  f a c t  t h a t  cond i t ions  are c r e a t e d  
f o r  more s i g n i f i c a n t  r a d i a t i o n  coo l ing  of a i r  o v e r t h e  ex tens ive  area of 
no r the rn  A s i a  du r ing  w i n t e r  than over North America 

where t h e  
r e l a t i v e  g e o p o t e n t i a l  i n  t h e  s t r a t o s p h e r e  i s  12 - 17 decameters less ,  o r  
3 - 5' less,  over t h e  eastern p o r t i o n  of A s i a  than it i s  over  t h e  
e a s t e r n  p o r t i o n  of North America. Moreover, t h e  cold and t h e  low I 4 7  
g e o p o t e n t i a l  va lue  extend much f u r t h e r  t o  t h e  south than  over America, 
which c r e a t e s  a s t r o n g  meridian e f f e c t  i n  e a s t e r n  A s i a .  

This phenomenon 
i s  c l e a r l y  e x p r e s s e d ' i n  t h e  mean seasona l  map of O T 1 0 0 0 ,  5 0 0  

Thus, r a d i a t i o n  cond i t ions  i n  t h e  t roposphere c o n t r i b u t e  t o  a par -  
t i a l  s h i f t  i n  t h e  c e n t e r  of t he  s t r a t o s p h e r i c  p o l a r  cyclone toward 
A s i a ,  b u t  they a r e  most c l e a r l y  apparent when deep cyclones are formed 
and develop i n  e a s t e r n  A s i a .  I n  t hese  cases ,  t h e  rear:  cold p o r t i o n  
of t h e  cyclone co inc ides  wi th  the  low temperature background over  
t h e  e a s t e r n  p o r t i o n  of t h e  con t inen t .  A s  a r e s u l t ,  low g e o p o t e n t i a l  
va lues ,  which are formed i n  t h e  mean and upper t roposphere,  a f f e c t  
t he  s t r u c t u r e  of t h e  f i e l d  f o r  H i n  t h e  lower s t r a t o s p h e r e .  

Analogous processes  occur  over North America, b u t  on a much l a r g e r  
s c a l e  due t o  t h e  comparatively s m a l l  s i z e  of t h e  con t inen t .  However, 
during the per iods when deep cyclones develop i n  t h e  eastern p o r t i o n  
of t he  con t inen t ,  low values  of H are formed i n  t h e  t roposphere,  as 
w a s  t h e  case i n  January,  1961. The c e n t e r  of t he  s t r a t o s p h e r i c  p o l a r  I 4 8  
cyclone o r  trough i s  accordingly s h i f t e d  toward North America. Inde- 
pendent cyclone c e n t e r s  are f r e q u e n t l y  formed i n  high i s o b a r i c  areas 
(50, 30, 10 rnb) . 

These processes  are accompanied by s i g n i f i c a n t  meridional  t r a n s -  
formations of t he  thermal and b a r i c  f i e l d s  both over eastern A s i a ,  and 
over e a s t e r n  North America. I n  c o n t r a s t  t o  North America and the  
A t l a n t i c ,  t h e r e  are n o t  one, b u t  two, r eg ions  i n  which deep cyclones 
a r i s e  and are developed under t h e  physico-geographical cond i t ions  of 
e a s t e r n  Asia and t h e  Northern P a c i f i c  Ocean. The f i r s t  of t hese  regions 
i s  caused by l a r g e  c o n t r a s t s  i n  t h e  a i r  temperature a t  t h e  j u n c t i o n  of 
t h e  oceans and t h e  con t inen t  (over t he  Japanese i s l a n d s ) .  The second 
region occurs i n  the  zone of l a r g e  temperature c o n t r a s t s  between t h e  
cold a i r  i n  t h e  region of Alaska and t h e  w a r m  a i r  masses over t h e  ocean. 

With t h e  development of a depression i n  eastern A s i a ,  t he  high 
trough over t h e  con t inen t  and t h e  r i d g e  over t he  ocean are c o n s t a n t l y  
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Figure 7a 
AT-300 Map for January 18, 1960 

deepened, and the meridional circulation is intensified. In the system 
of deep cyclones which develops simultaneously in southern Alaska, there 
is a general temperature increase above the tropopause (Ref. 14), which 149 
assists in changing them into a high-depression trough in the lower 
stratosphere (14-16 km) in eastern Asia. Under these conditions, the 
advection of heat toward the Central Arctic 
currents are intensified, in the region of which an adiabatic temperature 
increase occurs. During the duration of these processes, the region 
of stratospheric heat is gradually shifted to the north, and there is 
an anomalous temperature rise at the high latitudes, under the conditions 
of the polar night. 

and the convergence of air 

2 1  
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Figure 7b 

AT-300 Map for January 25, 1960 

These processes are so frequent that they are shown on mean maps of 
For example, in spite of the fact that the recurrence baric topography. 

of deep cyclones is more frequent to the south of Alaska than it is in 
eastern Asia, during the winter months the geopotential difference between 
these regions is 45-50 decameters at 60" latitude in 100 mb areas - i.e., 
a high trough is more clearly defined over eastern Asia than over Alaska. 

Although tropospheric processes play a significant role in the forma- 
tion of temperature and circulation anomalies in the lower and mean 
stratosphere, the influence of a high-temperature layer in the upper 
stratosphere must not be overlooked. When there are meridional transfor- 
mations of the field in activated baroclinic zones, the air drops down 
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Figure 7c 

AT-300 Maps f o r  January 31, 1960 

with high temperatures  from a l t i t u d e s  of 40-50 km, even i n  t h e  case of 
s m a l l  v e r t i c a l  v e l o c i t i e s .  Combined wi th  t h e  processes  i n  t h e  lower 
s t r a t o s p h e r e ,  an  a d i a b a t i c  temperature  i n c r e a s e  c o n t r i b u t e s  t o  t h e  in t en -  
s i f i c a t i o n  of t h e  mer id iona l  c i r c u l a t i o n  i n  t h e  upper s t r a t o s p h e r e  and, 
appa ren t ly ,  i n  t h e  lower p o r t i o n  of t h e  mesosphere. When w e  speak of 
t h e  r o l e  played by v o r t e x  a c t i v i t y  and meridional  t r ans fo rma t ions  of a i r  
c u r r e n t s  i n  t h e  t roposphere i n  changing t h e  temperature and c i r c u l a t i o n  
f i e l d s  i n  t h e  s t r a tosphe re ,we  have i n  mind no t  only t h e  s t r e n g t h  of vor- 
t e x e s  and i n t r a l a t i t u d i n a l  a i r  exchange i n  l i m i t e d  r eg ions  of t h e  hemi- 
sphere (Ref. 27), bu t  a l s o  t h e  scale and l o c a l i z a t i o n  of t h i s  exchange. 
This  is  due t o  t h e  f a c t  t h a t  even during win te r  t h e  meridional  c i r c u l a -  
t i o n  i s  more i n t e n s e  i n  t h e  moderate zone of t h e  Southern Hemisphere 

23 

I -  



than it is in the Northern Hemisphere. 

When speaking of the large scale intralatitudinal exchange in the 
Northern Hemisphere (in comparison with the Southern Hemisphere), we mean 
the active air exchange between mean and high latitudes which takes place 
in a localized manner due to the effect of the underlying area under 
definite physical-geographical conditions. This is the case for the 
Northern Hemisphere, where the influence of the underlying area on the 
formation of a seasonal temperature field and air currents is not con- 
fined to the troposphere, but extends to the lower level of the strato- 
sphere (Ref. 28). The modest scale of localized air exchange between 
mean and high latitudes in the Southern Hemisphere can be explained pri- 
marily by the uniformity of the underlying area at the mean and high 
latitudes, where there are no conditions for the localization of cyclonic 
activity or for the development of significant intralatitudinal air ex- 
change in the troposphere and the stratosphere between the subtropics 
and the Central Antarctic in the same scale that this frequently occurs 
in the Northern Hemisphere (Ref. 29). 

We would like to say a few more words about the effect of solar 
activity on atmospheric processes. There is no doubt that a change in 
solar activity is reflected in atmospheric processes and phenomena. 
During the last century, many studies have been devoted to establishing 
this relationship. Since solar energy primarily causes the occurrence 
and development of atmospheric circulation, it is necessary to know the 
mechanism by which it is converted into energy of motion in the atmosphere. 

It is assumed that during the period of maximum solar activity the 
amount of ozone is greater above 35 km than it is during the period of 
minimum solar activity. It follows from this that the total atmospheric 
circulation is influenced by 0 3  and depends on solar activity. 
lationship of temperature changes and atmospheric density with solar 
activity should also be discussed. When the solar activity and the 
intensity of the short-wave solar radiation diminish, there is a density 
increase, etc. in the upper atmosphere. 

The re- /50 

It can be assumed that the short-wave radiation and other forms of 
solar radiation, which have an influence on the upper atmospheric layers, 
cause certain anomalies. However, up to the present no tenable hypothesis 
has been advanced to clarify the nature of the relationship between high 
atmospheric layers, the mesosphere, and the lower spheres. The anomalous 
temperature rises in the stratosphere of the Arctic and the moderate zone, 
as well as the temperature drops at the mean latitudes, can be explained 
primarily by processes developing in the troposphere, especially due to 
the fact that laws of hydrodynamics apply in both spheres. 

It is possible that there is no basis for denying the direct in- 
fluence of solar activities on changes in the temperature field and cir- 
culation in the stratosphere. However, this role is apparently small. 
The lack of winter analogous temperature anomalies in the Central Arctic, 
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as well as the lack of significant anomalies during summer at the high 
latitudes of both hemispheres, also substantiates this conclusion. 
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